studies have shown different interpretations about shell shape variation and sexual dimorphism on Pomacea canaliculata Lamarck. This study, however, was conducted to evaluate and determine the existence of sexual dimorphism and shape variation in the shells of golden apple snails by using landmark-based analysis in its dorsal and ventral/apertural portion and using geometric morphometric approach. Results have shown significant variations validated by relative warp analysis and Canonical Variation Analysis. Moreover, Discriminant Function Analysis and Cluster Analysis also showed significant shell shape variation between sexes proving the occurrence of sexual dimorphism within species of golden apple snails obtained from lakes.
I. INTRODUCTION
The golden apple snail, Pomacea canaliculata (Lamarck, 1822) was intentionally introduced in the Philippines from South America as an alternative protein supplement. However, because of its short maturation time (2-3 mos.) and its potential to lay large numbers of eggs [1] , [2] , P. canaliculata remains to have a growing populations on freshwater habitats and eventually has become an important pest on rice. The golden apple snails in the Philippines show wide variability in shell shape and the observations of shell shape variation in many populations, which make this species a good model to solve the issue of its succession as pest and its evolution as an organism.
Studies on describing the organism's body shapes have progressed from traditional qualitative approach into quantitative approach using different effective methods. In this study, the researchers examined the shell shape by employing the newly developed methodological and analytical tool, computer software, which is able to facilitate data by acquiring, interpreting, and presenting the shape data collectively, known as geometric morphometric (GM) techniques. Analysis of shape differences both in intra-and interspecific populations was solely based on anatomical landmarks defined by Cartesian coordinates (X and Y) Manuscript acquired and defined from joint image analysis and geometic morphometric data. This type of method using shell shape can be useful in presenting the taxonomic difference between the sexes of golden apple snail. This difference was found not only in wide geographical locations but also in small scale geographical difference and more on isolated populations with minimal selection pressures and competitions such as those in lakes. Using shell morphology, several studies accounting for shell variability between male and female P. canaliculata. [3] - [6] state that there was a general tendency that the shell's shape for each sex of P. canaliculata cluster together suggesting that there was a sexual dimorphism. Despite conflicting environments, P. canaliculata proved to have high phenotypic plasticity scale on both morphological and biological structures which have high variability and adaptability to varied variation in the environment [6] , [7] . Moreover, microgeographic difference, even in small scale geographical pattern, still proved that there is a variation in shell shape of this species [8] . With this information, the main objective of this study was to examine, describe and understand the shell shape variation of P. canaliculata collected from different lakes found in Mindanao, Philippines. This research was carried out to examine the shell shape variations using geometric morphometric approach through relative warp analysis. The information acquired can be useful to conduct future studies on molecular approach and to eventually create appropriate pest control with regards to the species studied.
II. MATERIALS AND METHODS
The golden apple snails (Pomacea canaliculata) were obtained from three lakes in Mindanao, Philippines (Lake Lanao, Lake Dapao and Lake Wood) (Fig. 1) . A total of 180 samples were collected, each comprising 30 males and 30 females per population.
The shells were boiled with water and then cleaned with tap water after the meat was removed with a pin. Shells with cracks and eroded spires were discarded. The images of the shells were captured by using a DSLR camera, Nikon D5100. The shells were oriented in such a way that the spire was at 90 o of the x-axis in a 2D orientation with the ventral side of the shell facing the top. All shells were captured in the same position. The camera, with constant 55mm focal length, was mounted on a tripod to maintain a constant distance from the top of the shell and in order to obtain good images to minimize measurement error.
Landmark-based methodology was used to study the shell shape of P. canaliculata which was automatically transformed all 2D coordinates determined for each shell specimen into Procrustes average configuration. As previously defined by [5] , Seventeen (17) anatomical landmarks located along the outline of the dorsal (Fig. 2a) portion of the shell and twenty-one anatomical landmarks located along the outline of ventral/apertural (Fig. 2b) portion of the shell were used. The X and Y coordinates were outlined with landmark points along the contour of the shell into the obtained images. This was accomplished by using image analysis and processing software Tps Dig freeware 2.12. Tps.Dig facilitated the statistical analysis of landmark data in morphometric by making it easier to collect and maintain landmark data from digitized images [9] . Relative warps analysis was performed using tpsRelw version 1.48 [10] . Then, the generalized orthogonal least squares Procrustes average configuration of landmarks was computed using the Generalized Procustes Analysis (GPA) superimposition method. GPA was performed using the software tpsRelw, ver. 1.48 [10] . After GPA, the relative warps (RWs, which are the principal components of the covariance matrix of the partial warp scores) were computed using the unit centroid size as the alignment-scaling method [11] , [12] . The relative warp scores from 2D coordinates were then transferred to Microsoft Excel application for the organization of the data into groups (based on shell portions and eventually segregated into male and female). Data analysis, such as histogram and box plots of significant warp scores, Canonical Variance Analysis (CVA), MANOVA, Cluster Analysis, Kruskal-Wallis Test and Discriminant Function Analysis/Hotelling's Test were carried out by using Paleontological Statistics (PAST) Software version 2.17c [13] . Histogram and boxplots were effective in displaying for comparison distributions. CVA was also used to map in a scatter plot in order to compare patterns of variation in population level. Cluster analysis was useful in showing a tree that automatically groups the most correlated species, group or population. Differences in shell shapes of GAS between sexes were analyzed using Kruskal-Wallis Test. Discriminant Function Analysis/Hotelling's Test was also carried out to show whether the sexual dimorphism based on the shell shape (ventral/apertural, dorsal) pattern was statistically significant.
III. RESULTS AND DISCUSSION
The summary of the geometric morphometric analysis showing the centroid/mean morphology and variation in the dorsal and ventral/apertural shell shape pattern of different P. canaliculata populations as produced by the relative warps (RW) is shown in Fig. 3 and described in Table I . Projections on the left side of the histogram are considered to be variations in shell shape expected as negative deviations of the mean in the axis of the relative warps. Then, on the right side are variations in shell shape expected as positive deviations of the mean in the axis of the relative warps. The topmost figure is the mean shape of the samples. Differences between sexes and geographical regions are based on the results of the Kruskal-Wallis test shown in Table II (dorsal)  and Table III (ventral/aperture). Results of the Kruskal-Wallis Test from Table II and Table  III show the differences between sexes in each population. These results support the description of the samples where variation on shell shape of P. canaliculata can be observed. According to [6] , snail's plasticity has focused either on presence or absence of a single factor, or has looked at responses to environmental gradients over large geographical scales. However, findings in this study show only a little variation despite the far geographical location. Samples were obtained from lakes, consequently snails possess only minimal variation. This can be due to the reason where they only have minimal selection pressures and competitions. Shell shape remains distinguishable when snails from unrelated sources are reared under homogenous laboratory conditions, which is a strong indication of a genetic basis for the observed differences [14] . There must be a genetic basis that can be attributed from the observed differences. The first relative warp illustrates the differences in the height of the spire and the shell. Samples in the high positive RW1 axis have the characteristics of a shorter but wide apical spire as compared to low negative RW1 with longer and more pronounced apical spire height. In terms of shell width, positive RW1 axis have wider body whorl compared to those in low negative scores. Based on the boxplot shown in RW1, samples from Lake Dapao are towards the negative axis, while samples in Lakewood are observed to be on the positive RW1 axis. This can be inferred that samples from Lake Dapao have narrow body whorl but have long and more pronounced spires. Moreover, male samples from Lake Lanao tend to move towards the low negative axis as compared to the female samples from Lake Lanao. Furthermore, samples obtained from Lakewood are at either positive or negative axis suggesting that these samples are either short or long and have either shorter or wider body whorl.
25.39%
The first relative warp illustrates the differences in the body whorl and aperture. Samples in the high positive RW1 axis have the characteristics of having a longer body whorl length and wider body whorl width. In contrast, low negative samples have shorter body whorl length and shorter width. In terms of the apertural area, samples at low negative axis wide aperture and longer aperture length. As shown on the boxplot of RW1, only male Lanao and female Lakewood samples are observed to be at the positive axis suggesting that shells of this group have longer body whorl length and wider body whorl width with narrow aperture. The rest are at either positive or negative axis.
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17.33%
At high positive axis, body whorl width is narrow but shorter spire height as compared to low negative axis with wider body whorl with longer and more pronounced spire height.
17.75%
Variation can only be observed at the apertural area where samples at low negative axis tend to have wider aperture.
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12.40%
Variation can only be observed at shell spires. High positive axis observed to have short base but shorter spire as compared to low negative axis.
14.03% Samples at high positive axis have longer and more pronounced spire with narrow aperture as compared to low negative axis shell where spire are short but the aperture are visibly long in length and wide. 4
6.03% Variation is very visible at body whorl and base of shell spire. At high positive axis, shells have short spire base but thinner body whorl width. On the other hand, samples at low negative axis have wider spire base as well as body whorl width.
9.56%
Variation can be observed at spire and aperture. Samples at high positive axis have shorter spire but narrow aperture as compared to low negative axis where the spire in longer and more pronounced with wider aperture.
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5.09%
With high positive axis, samples have short spire base but thinner body whorl width. While, samples at low negative axis have wider spire base as well as body whorl width.
6.18%
Samples at high positive axis have shorter spire as compared to low negative axis where spire is longer and more pronounced. The CVA scatter plot in Fig. 4 shows the distribution of female and male P. canaliculata per population based on the landmark analysis. CVA scatter plots were obtained from pooled individuals from different populations which displayed patterns of geographical variation. Table IV shows the results of the discriminant analysis indicating that the male and female sexes were correctly classified and statistically significant. Fig. 5 shows discriminant histogram on dorsal portion of the P. canaliculata specimen from Lake Dapao and Lake Lanao and this has percent correctly classified with 88% and 83.89% respectively. Discriminant histogram on dorsal portion of the shell obtained from Lakewood can be observed to have no sexual dimorphism between sexes from this population. For the ventral portion of the shell, all locations, Lake Dapao, Lake Lanao and Lakewood have percent correctly classified of 93.33%, 94.44% and 82.78% respectively. The shell shape pattern between male and female on the ventral portion of the shell for all locations can be observed as statistically significant indicating that there was a minimal sexual dimorphism in the ventral shape of the shell.
For the hierarchical clustering methods, the dendogram is the main graphical tool for getting insight into a cluster solution. Cluster analysis shows that the majority of the populations in terms of sex are located away from each other. Fig. 6 shows the relationship between populations of male and female P. canaliculata.
In Fig. 6 , both dorsal (6-a) and ventral (6-b) show that the cluster diagram were divided into three groups according to the similarities shell shape and structure. The distances within locations have higher similarities of their morphometry. On the other hand, Fig. 6-a shows that the populations of pooled dorsal portion of the shell of males were closely related from different locations. This is similar to Fig. 6-b , where males can be observed as being grouped together indicating that they are closely related to each other although belonging to different locations. Moreover, Fig. 6 , among populations, show that is a simplicifolious clade for both dorsal and ventral that is, female population from Lakewood and female population from Lake Dapao respectively. Among populations of pooled dorsal portion of the shell (Fig. 6-a) , Lakewood male population correlated and grouped closely with male populations from Lake Lanao and Lake Dapao. While among populations of pooled ventral portiong of the shell (Fig. 6-b) , Lake Lanao male population correlated and grouped closely with male populations from Lakewood and Lake Dapao. As also shown in Fig. 6 -a, the population of female P. canaliculata from Lake Lanao was closely related to that of Lake Dapao whereas in Fig. 6 -b, the population of female P. canaliculata from Lakewood was closely related to that of Lake Lanao. Summarizing all the results, it can deduced that the populations of golden apple snails thriving in lakes showed variations in shell shape as well as in minimal sexual dimorphism in shell morphometry that can be attributed to the unparalleled success of P. canaliculata populations. Thus, one should not rely on the influence of environmental conditions in concluding differences in shell shape of P. canaliculata. Shell shape, however, as with any other phenotype, is a product of the interaction between the genetic architecture of the individual and the environment [15] , [16] concluded that environmentally-based variation of shell shape overrides the genetically-based variation that will result from isolation or genetic drift resulting to widely overlapping ecophenotypic morphs that show an almost continuous variation. However, a study on sex-determining genes without any environmental effects of P. canaliculata suggests a more complex system, such as sex-ratio or sex-determining polygenes that act nonadditively [17] . Hence, the application of geometric morphometric approach, in this study, effectively unravels the variation on shell shape of golden apple snails. In addition, geometric morphometric approaches have superior advantage over traditional morphometry in the evaluation of shape variables [18] .
These results clearly show that geography really affects the differences in the shell shape of P. canaliculata. Moreover, results also showed that there is a variation in the characteristics between male and female shell shape pattern which are geographically closed populations or even those of same location that showed greater differences on their shell shape. It can be hypothesized that variations in the shell shape can be due to isolated locations where there is less to no selection pressures and competition of golden apple snails thriving in lakes. This unparalleled success of P. canaliculata thriving in lakes is a very important threat to other native and endemic species located on specific lakes in Mindanao, Philippines.
IV. CONCLUSION
Succeeding a series of geometric morphometric analysis made in the shell of P. canaliculata Lamarck, it was found out that variations exist in shape of dorsal and ventral portions of the shell between male and female individuals based on landmark-based analysis. Thus, suggesting the presence of shell shape sexual dimorphism within the populations were collected from lakes. This study, therefore demonstrates the efficacy of geometric morphometric methods in describing morphological variation. The uncontrollable variation existing on this species (P. canaliculata) could have been affected by its successful selection and accustom to the wide types of environment. Thus, further investigation is recommended in order to determine shape variation and sexual dimorphism in golden apple snails.
